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We s The Dow Chemical Company, a 
Corporation organised and existing under 
the laws of the State of Delaware, United 
States of America, of Midland, County of 
Midland, State of Michigan, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to an improved 
method and certain compositions for the 
production of cellular organic thermo- 
plastic resins in the form of elongated bodies 
15 of desired cross sectional shapes and dimen- 
sions, e.g. in the form of panels, planks, or 
beams of predetermined sizes and substan- 
tially free of warp or twist throughout their 
length. The products consist essentially of 
solid masses of individually closed cells hav- 
ing thin walls of the thermoplastic resin. The 
invention is applicable in making such 
shaped cellular bodies from solid thermo- 
plastic resins in general, but pertains especi- 
ally to production of the bodies from 
resinous benzene-soluble polymers and co- 
polymers of monoalkenyl aromatic com- 
pounds having, as the alkenyl radical, a vinyl 
or an isopropenyl group attached directly to 
a carbon atom of the aromatic nucleus. It 
pertains more particularly to the production 
of such shaped, cellular elongated bodies of 
polystyrene. 

In British Patent No. 406,267, there is dis- 
closed a method that is effective in making 
small cellular bodies of thermoplastic resins. 
The method involves heating under pressure 
in a closed vessel, granules of the non-cellu- 
lar resin together with a normally gaseous 
agent, e.g. methyl chloride, capable of being 
dissolved under pressure by the resin, and 
extruding the resultant solution from the 
vessel, whereupon it expands upon release of 
the pressure to form a cellular body due to 
45 vaporization of the dissolved normally 
gaseous agent. The patent further discloses 
that the cellular resin product, which is a 
mass of individually closed, thin-walled cells, 
is useful as a heat insulating material and 
50 that its insulating property may be improved 
by _mcorporating certain finely divided 
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solids, such as powders of aluminium or 
ether metals, in the composition which is ex- 
panded to form the cellular product. 

In British Patent Specification No. 661,002, 55 
it is shown that certain precautions and 
operating conditions are required in order to 
make- large-sized cellular bodies of thermo- 
plastic resins, e.g. having a minimum dimen- 
sion of at least two inches, in a form which 60 
remains stable on standing and is of good 
quality. In brief, the aforesaid patent dis- 
closes that the normally gaseous agent 
should be dissolved under pressure in the 
resin ai a temperature which, just prior to 65 
extrusion of the resin, is below the critical 
temperature of the normally gaseous agent, 
and that said agent should thus be dissolved 
to form a mobile gel containing the agent in 
amount such as to be vaporized substantially 70 
completely upon release of the pressure with 
resultant swelling and cooling of the resin to 
a temperature within a range of between 
-30° C. and ten degrees above theheat distor- 
tion temperature of the resin, as determined 75 
in accordance with the method of A.S.T.M. 
D648— 41T. Cellular bodies of substantially 
uniform cell size and which remain stable, 
i.e. do not collapse on standing, may thus be 
produced in the form of logs having dia- 80 
meters as great as 3 feet, or more, and 
lengths as great as 60 feet. The logs may be 
cut into insulating panels or other forms de- 
sired for industrial purposes. 

In the production of elongated cellular 85 
bodies of thermoplastic resins, by the 
methods of the above-discussed patents, the 
resin gel formed by dissolving the normally 
gaseous agent in the resin at super-atmo- 
spheric pressure, expands immediately and 90 
very rapidly upon flowing from the pressuris- 
ing vessel containing the same with a result 
that the cellular body is quickly formed and 
cooled to a temperature at which it is sub- 
stantially rigid. However, it frequently 95 
happens that the rapid expansion with cool- 
ing to form the cellular body is followed by a 
slower twisting of the product, due presum- 
ably to a continuance of the cell-forming 
action within the exteriorly cooled, and joO 
hardened body. As a result, logs, planks, 
and the like, of the product are sometimes 
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distorted so that considerable trimming is 
necessary to obtain uniformly shaped panels, 
or slabs, suitable for marketing. 
. In order to reduce the amount of trim- 
5 ming necessary, and the resultant loss of a 
considerable portion of the cellular product 
as scrap material, it is desirable that the 
material be pressed, during expansion and 
formation of the cellular product, into the 

10 shape of beams or slabs, e.g. of as nearly 
square or rectangular cross section as pos- 
sible. Such pressing may be accomplished 
by causing the resin gel to flow from the 
pressurising vessel through an orifice and 

15 thence, during expansion, through a flared 
rectangular tube of an internal cross sec- 
tional area greater than that of the orifice 
from the vessel but less than that of the cellu- 
lar body that is formed upon permitting un- 

20 restricted expansion of the gel flowing from 
said orifice. 

Although such pressing of the expanding 
gel aids greatly in causing formation of cel- 
lular slabs or beams of a desired shape and 

25 size, a large proportion of the shaped pro- 
ducts are far from perfect so that consider- 
able trimming is necessary. For instance, 
beams formed by expansion of the gel dur- 
ing passage through a rectangular tube fre- 

30 quently have rounded corners, and many of 
the slabs formed by rolling of the expanding 
gel are of non-uniform thickness. The large 
proportion of imperfect beams and slabs is 
apparently due to excessively rapid and non- 
35 uniform expansion and cooling of the resin 
gel during formation of the cellular product. 
The incorporation of insoluble finely divided 
materials, e.g. aluminium powder, pigments, 
or carbon black, in the resin gel usually 

40 causes an increase in the rate of expansion 
and cooling of the gel on release of the pres- 
sure thereon and renders it even more diffi- 
cult to shape the gel during expansion to 
form the cellular product. Such fillers, when 

45 used, are usually employed in amount corre- 
sponding to from 0.5 to 10 per cent, of the 
weight of the resin component of the gel, the 
preferred proportion being dependent on the 
land of filler used. 

50 It has been found that certain metal stear- 
ates, when incorporated in minor amount in 
the resin gel within a pressurising vessel, have 
an effect of retarding greatly the rate of ex- 
pansion of the gel upon release of the pres- 

55 sure and that such stearates apparently also 
improve the uniformity of expansion and 
cooling of the resin during extrusion of the 
gel from the pressurising vessel containing 
the same. Accordingly, the stearates facili- 

60 tate the operations of shaping the material 
undergoing expansion to form elongated cel- 
lular bodies of desired cross sectional sizes 
and shapes. 



the stearates which have been found to be 
effective are barium stearate, calcium stear- 65 
ate, lead stearate and zinc stearate. Of 
these, barium stearate appears to be most 
effective and zinc stearate least effective when 
both are employed in the same proportion on 
a weight basis. Other metal stearates which 70 
have been tested, e.g. sodium stearate, mag- 
nesium stearate, and aluminium stearate. 
have had relatively little if any effect in re- 
tarding the rate of expansion of such gel and 
have Impaired the quality of the product. 75 
The stearates of barium, calcium and lead 
are all considerably more effective than zinc 
stearate in retarding the rate of expansion, 
but any of these stearates, individually or in 
admixture with one another, can be used U> 80 
produce shaped cellular resinous bodies of 
good quality. 

Accordingly, the invention provides an 
improved method for the production of cel- 
lular thermoplastic resins directly in the 85 
form of elongated bodies of desired cross 
sectional sizes and shapes. It also provides a 
mobile gel comprising a thermoplastic resin, 
a dissolved normally "gaseous agent and on 2 
or more of the compounds barium stearate, 90 
calcium stearate, lead stearate, and zinc 
stearate, which gel may advantageously be 
employed for the production of such shaped 
cellular resin bodies. 

The resin gel compositions provided by 95 
the invention comprise a thermoplastic resin 
having a normally gaseous agent dissolved 
therein and having, incorporated therewith, 
one or more of the stearates of barium, cal- 
cium, lead and zinc in amount corresponding 10O 
to from 0.04 to 1 per cent, of the weight of 
the resin. The proportions of stearate just 
given are sufficient to retard markedly the 
rate of expansion of the gel and to permit 
shaping of the expanding gel, but are not 105 
sufficient to interfere with any of the opera- 
tions of the process or to impair appreciably 
the quality of the cellular product. In prac- 
tice, a stearate of barium, calcium, or lead, 
or a mixture of two or more such stearates, HO 
is preferably used in amount corresponding 
to from 0.06 to 0.1 per cent, of the weight of 
thermoplastic resin in the gel. 

The stearate may be incorporated in the 
resin prior to, or during formation of the 115 
resin gel. For instance, the stearate may be 
milled together with the non-cellular resin to 
form a substantially uniform body which 
may be cut, or ground, to granules or small 
particles suitable for use in forming the gel. j?0 
Alternatively, an intimate mechanical mix- 
ture of the* powdered stearate and finely 
divided thermoplastic resin may be used 
directly in forming the gel. In either such in- 
stance, the mixture of stearate and resin is J25 
treated with a normally gaseous agent, e.g. 
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methyl chloride, methyl ether, ethyl ether, 
methyl ethyl ether, or a cracked-oil gas frac- 
tion rich in ethylene, propylene, or butylene, 
and the like, under a pressure sufficient to 

5 cause dissolving of a considerable propor- 
tion of said agent in the resin. A suitable 
procedure for forming a resin gel under pres- 
sure in a closed vessel is described in detail 
in British Patent Specification No. 661,002. 

10 The normally gaseous agent is dissolved, in 
the resin, in amount sufficient to form a gel 
capable of flowing from the vessel, said 
amount being such that the dissolved agent 
undergoes substantially complete vaporisa- 

15 tion upon release of the pressure with result- 
ant expansion and cooling of the resin to a 
temperature between -30° C. and ten de- 
grees above the heat distortion temperature 
of the resin, due to the heat of vaporisation 

20 of said agent. 

Other ingredients such as finely divided 
metals, carbon black, or powdered calcium 
silicate, may, if desired, be incorporated in 
the gel together with the stearate. 

25 The gel thus formed under pressure in a 
closed vessel is, if necessary, brought to a 
temperature between room temperature and 
the critical temperature of the normally 
gaseous agent and a valve, below the level of 

30 the gel in the vessel, is opened to permit ex- 
trusion of the gel. The stearate-containing 
gel expands quite uniformly during flow from 
the vessel, the rate of expansion being far 
less than that of a gel containing no stearate, 

35 but of otherwise similar composition. Dur- 
ing flow from the vessel, the expanding gel 
is shaped under externally applied pressure 
into a slab, a rectangular beam, or into an 
elongated cellular article of other desired 

40 cross section, as hereinbefore described. 

The following examples describe certain 
ways in which the invention has been prac- 
tised, but are not to be construed as limiting 
its scope. 

45 Example 1. 

A mixture of solid granular polystyrene, 
powdered barium stearate in amount corre- 
sponding to 0.06 per cent, of the weight of 
the polystyrene, and powdered calcium sili- 

50 cate in amount corresponding to 0.6 per cent, 
of the weight of the polystyrene was passed 
under a mechanically applied pressure, i.e. 
by means of an extruder /to a zone where the 
mixture was heated to about 180° C. to melt 

55 the polystyrene and methyl chloride, in 
amount corresponding to from 13 to 14 per 
cent, of the weight of the polystyrene, was 
injected under pressure into the mixture. The 
resultant mixture was caused to flow from 

60 said zone to another zone where it was cooled 
to approximately 100° C. and thence into a 
closed storage vessel where it was stored at 
about said temperature and at an applied 



pressure of about 400 pounds per square inch 
for several, e.g. 3 to 8, hours. A flowable 65 
gel of polystyrene containing dissolved 
methyl chloride and having the barium 
stearate and calcium silicate dispersed 
therein was thus formed. An outlet valve, 
below the level of the gel in the vessel was 70 
opened to permit extrusion of gel from the 
vessel. The material extruded, at a rate of 
about 2,500 pounds of its polystyrene com- 
ponent per hour, as a clear gel for a distance 
of about 6 inches from the orifice. Expan- 75 
sion of the gel then became apparent. The 
gel was expanded into a solid cellular poly- 
styrene body of approximately 5 inches 
thickness and 12 inches wide by the time the 
material had travelled a distance of one foot 80 
from the extrusion orifice. 

Another experiment was carried out as 
just stated, except that the stearate was 
omitted from the gel composition. In this 
instance, the gel also extruded at a rate of 85 . 
about 2,500 pounds of its polystyrene com- 
ponent per hour, but expansion was appar- 
ent immediately as the material flowed from 
the pressurising vessel outlet and expansion 
to a solid cellular body of approximately the 90 
above dimensions was complete when the 
material being extruded had travelled about 
6 inches from the orifice. 

Example 2. 

Other experiments were carried out in a 95 
manner similar to those described in Ex- 
ample 1, except that in these respective ex- 
periments stearates of calcium, lead, zinc, 
magnesium, aluminium and sodium were in- 
dividually employed, instead of the barium 100 
stearate of Example 1, as the stearate com- 
ponent of the mobile polystyrene gel. It was 
found that the stearates of calcium and lead 
are highly effective, although not quite as 
effective as barium stearate in retarding the 105 
rate at which such gel expands upon release 
of the pressure thereon; that zinc stearate is 
also effective for such purpose, but not as 
effective as the other stearates just men- 
tioned; and that the stearates of magnesium, \\o 
aluminium and sodium each exhibited little 
retarding action on the rate of swelling, but 
each caused degradation (apparently partial 
depolymerization) of the polystyrene and 
thereby impaired the quality of the product. n$ 
The stearates of barium, calcium, lead and 
zinc apparently had no chemical action on 
the polymer and did not impair the quality 
of the cellular material being formed. 

Example 3. j20 

The two procedures described in Example 
1 were carried out on a large scale, except 
that in each instance the polystyrene gel 
being extruded from the pressurising vessel 
was shaped by external pressing, during ex- ^25 
pansion of the same, to produce cellular 
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polystyrene planks of approximately 5 inches 
thickness and of from 12 to 14 inches width. 
The orifice used as an outlet for extrusion of 
the gel from the vessel had a horizontal 
5 length of inches and a minimum width 
of % inch and had rounded corners with each 
side bowed inward at the center thereof. 
Mounted over the orifice was a flared tubu- 
lar shaping member. The tube channel had 

10 a cross section, bounded by inner walls of 
the tube, similar in shape to that of the ori- 
fice. Adjacent to the orifice, the horizontal 
length of said tube cross section was 4§ 
inches and its minimum width was 14 

15 inches. The tubular shaping member was § 
inches long with its principal axis in hori- 
zontal alignment with the orifice. The hori- 
zontal length of a cross section of the tube 
channel was 11 inches and its minimum 

20 width was 3| inches at the outlet end of the 
tube. Except for the inward bowing of its 
sides, the flared tube had the general shape 
of a truncated rectangular pyramid. At a 
distance of approximately 4 inches beyond 

25 the outlet end of the shaping tube, and 
aligned to receive material from the tube, 
were a pair of endless belts, one above an- 
other and each of approximately 100 feet in 
length. The belts were positioned and oper- 

30 ated to carry the cellular polystyrene product 
between the mating belts a distance of about 
50 feet from the tubular shaping member. 
Parallel surfaces of the mating "belts were 
spaced apart 5 inches at the receiving end of 

35 the belt travel 2nd 6 inches at the delivery 
end of said travel. The belts carried the 
cellular product therebetween in a linear 
direction for a distance of about 50 feet. 
They aided somewhat in shaping and 

40 dimensioning the thickness of the planks of 
cellular polystyrene, but served principally 
to prevent warpage of the planks during the 
time required for them to attain a final set. 
The planks thus produced were trimmed at 

45 the sides to a thickness of 4 inches and to 
widths of 10 or 12 inches. The trimmed 
planks were examined for blow holes and 
other surface irregularities and also for 
warpage. Planks free from such flaws were 

50 graded as of No, 1 quality and planks having 
any such flaw were No. 2 quality. In one 
month of operation using the polystyrene gel 
containing no stearate, there were produced 
168,376 board feet of No. 1 cellular poly- 

55 styrene planks and 113,620 board feet of No. 
2 planks. In another month of operation 
using the polystyrene gel containing barium 
stearate in amount corresponding to 0.06 per 
cent, of the weight of the polystyrene, there 

60 were produced 316,405 board feet of No. 1 
cellular polystyrene planks and only 22,245 
board feet of No. 2 planks. The barium 
stearate employed in the gel facilitated shap- 



ing of the planks during formation and im- 
proved the uniformity of the planks obtained. 65 
What we claim is: — 

1. A gel-like composition, comprising an 
intimate mixture of a thermoplastic resin, at 
least one stearate, of the group consisting of 
barium stearate, calcium stearate, lead 70 
stearate and zinc stearate, in amount corre- 
sponding to from 0.04 to 1 per cent, of the 
weight of the resin component, and a nor- 
mally gaseous agent dissolved in the resin 
under pressure in amount sufficient to form 75 
therewith a flov/able gel. 

2. A composition, as claimed in Claim 1, 
wherein there is incorporated a filler. 

3. A composition as claimed in either of 
the preceding claims, wherein the thermo- 80 
plastic resin ingredient is a benzene-soluble 
polymer or copolymer of at least one mono- 
alkenyl aromatic compound having, as the 
alkenyl radical, a vinyl or isopropenyl group 
attached to a carbon atom of the aromatic 85 
nucleus. 

4. A composition as claimed in any of the 
preceding claims, wherein the thermoplastic 
resin ingredient is polystyrene. 

5. In a method of making elongated eel- 90 
lular bodies of thermoplastic resins, the 
steps of forming, at super-atmospheric pres- 
sure in a closed vessel, a gel comprising an 
intimate mixture of a thermoplastic resin, at 
least one stearate of the group consisting of 95 
barium stearate, calcium stearate, lead 
stearate and zinc stearate in amount corre- 
sponding to from 0.04 and I per cent, of the 
weight of the resin, and a normally gaseous 
agent, dissolved in the resin, in amount sufli- 100 
cient to form a flowable gel and such as to be 
vaporized substantially completely upon re- 
lease of the pressure with resultant ^expan- 
sion and cooling of the resin to a tempera- 
ture between - 30' C. and ten degrees above 105 
the heat distortion temperature of the resin 
component, opening an outlet to cause ex- 
trusion of the gel through an orifice from the 
vessel, and, during expansion of the material 
being extruded, externally pressing it to 110 
shape the same with formation of an elon- 
gated cellular resin body having a predeter- 
mined and substantially uniform thickness 
throughout its length. 

6. A method as claimed in Claim 5, 115 
wherein the thermoplastic resin is a benzene 
soluble polymer or copolymer of at least one 
monoalkenyl aromatic compound having, as 

the alkenyl radical, a vinyl or isopropenyl 
group attached to a carbon atom of the 120 
aromatic nucleus. 

7. A method, as claimed in Claim 6, 
wherein the thermoplastic resin is poly- 
styrene. 

8. A method for the production of solid 125 
cellular bodies, substantially as described in 
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any of the foregoing examples. 

9. A solid cellular body whenever pre- 
pared or produced by the method claimed in 
any one of Claims 5 to 8. 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, London, E.C.I, 
Chartered Patent Agents. 
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